One mammary gland of each ofnine primum partum suckling ewes was inoculated with ureaplasma 8 weeks post-partum. Infected glands were swollen, hot, and painful from 16 hours post-infection. Subsequently there was agalactia and reduction in gland size. Histopathologic and ultrastructural examination indicated that the acute phase of the induced mastitis was characterized by necrosis of secretory epithelium with a neutrophil, eosinophil, and macrophage response. Subsequently there was lymphoid infiltration, acinar involution, and fibrosis. This report confirms the pathogenicity of ureaplasma for the ovine mammary gland, and is the first description of the pathologic features of ureaplasmal mastitis in sheep.
There are several reports of the isolation of ureaplasma from normal sheepI4.I6 and in association with spontaneous6 and experimental' granular vulvitis, and infertility. I5 Despite recognition of the etiologic importance of Mycoplasma agalactiae in ovine contagious agalactia in Mediterranean and other countries, ' I and of several species of mycoplasma and ureaplasma, in both spontaneous and experimental bovine mastitis,I0 most microbiologic surveys of ovine mastitis have omitted examination for mycoplasma. I 3 . l 7 Successful reproduction of clinical ovine ureaplasmal mastitis at this laboratory,2 coupled with the fact that ewes may harbor ureaplasma, indicates that the potential exists for these organisms to cause spontaneous ovine mastitis. Microbiologic and milk cytologic aspects of experimental ureaplasma mastitis have been r e p~r t e d .~.~ This experiment was designed to complement these reports by studying the clinical and pathologic responses of the ovine mammary gland to ureaplasma challenge.
Materials and Methods
Nine primum partum ewes that were each suckling a single lamb were used. One mammary gland of each ewe was inoculated with ureaplasma 8 weeks post-partum. Lambs were removed from the ewes immediately before inoculation and returned 16 hours post-inoculation (pi). Subsequently they were allowed access to the ewes for 8 hours daily. Inocula consisted of 2 ml of milk collected from the mammary gland of a ewe that had been previously experimentally infected with cloned ovine ureaplasma strain MS200.* The inocula were stored at 4 C when inoculation took place within 24 hours of collection or at -70 C when a longer period elapsed between collection and inoculation. Ureaplasma titers of the inocula immediately before inoculation ranged from 1 O7 to lo8 color changing units (ccu) per 0.2 ml following duplicate ten-fold dilutions of the samples in TB broth.2 Two milliliters of uninfected milk (collected from the uninfected gland of the ewe from which the inocula were obtained) were inoculated into the contralateral gland of each ewe to provide control material.
Milk samples were collected from both mammary glands of all ewes immediately prior to inoculation, daily up to 144 hours pi, and thereafter at weekly intervals for the remainder of the experiment. Cultural examinations for bacteria by plating on blood agar and Edwards medium, and for ureaplasma by titration in TB broth, were carried out on all samples. Animals were clinically examined 8, 16, 24, 30, 36, and 48 hours pi, subsequently once daily up to 144 hours pi and once weekly thereafter. They were killed at intervals of 12, 24, 48, 72, 96, 120, and 144 hours, and 49 and 56 days pi. Following induction of anesthesia by intravenous injection of pentobarbitone sodium, portions of ureaplasma-inoculated mammary glands from all ewes with the exception of those killed at 49 and 56 days pi, and control glands from the ewes killed at 12 and 24 hours pi were obtained, trimmed into 1 mm cubes and immediately placed in 4% glutaraldehyde solution at pH 7.2. Following fixation for 2 hours, blocks were transferred to 5% sucrose solution buffered with sodium cacodylate. Post-fixation for 2 hours in osmium tetroxide containing sodium cacodylate buffer at pH 7.2 was followed by dehydration and embedding in EMscope resin. Semithin sections (1.0 pm) were stained with toluidine blue for light microscopic examination, and ultrathin sections cut from selected areas were stained with uranyl acetate and lead citrate. Euthanasia was accomplished by pentobarbitone overdosage, and a minimum of seven blocks from widely distributed regions of all inoculated and control glands with corresponding supramammary lymph nodes, were removed and placed in 10% neutral buffered formalin. These tissues were embedded in paraffin, sectioned at 5 pm and stained with hematoxylin and eosin (HE) for histopathologic examination.
Results
The ewe lulled 12 hours post-inoculation (pi) remained clinically normal. Clinical signs were first seen 16 hours pi when the infected mammary glands of three ewes were hot, painful, and larger than the contralateral control glands. Similar changes were seen in the infected glands of the other five ewes when examined 24 hours pi. Maximal observed swelling was seen at 36 hours pi in all ewes remaining at this time. Enlargement of the ipsilateral supramammary lymph node was also detectable by palpation at this examination. Subsequently there was marked agalactia, and although heat and pain persisted, the infected glands of all ewes diminished in size. Inoculated glands of the ewes killed up to 144 hours pi remained larger than the respective control glands at all times. Inoculated glands of the other two animals were smaller than the control glands from 12 days pi. Agalactia and increased secretion viscosity contributed to making samples difficult to collect. The ewes walked with abducted hindlimbs, but there was no evidence of systemic illness. Sucking lambs remained clinically normal.
Ureaplasma were not detected in pre-inoculation milk samples from any ewe. Ureaplasma titers in milk from infected glands rose to maximum levels between lo7 and lo8 color changing units (ccu) per 0.2 ml in all samples collected from 24 to 144 hours pi. Ureaplasma were not recovered from subsequent samples or from any control gland. No pathogenic bacteria were isolated from either infected or control glands.
A few intraluminal neutrophils and eosinophils were seen in the control glands of the ewes killed at 12 and 24 hours pi but control glands of all other ewes appeared normal. Secretory epithelium consisted of cuboidal or columnar cells and appeared normal in all control glands ( Fig. 1) . At ultrastructural level, secretory cells contained a round or oval nucleus located near the base of the cell, numerous profiles of granular endoplasmic reticulum, prominent Golgi complexes, secretory vacuoles, and lipid droplets. A large lipid droplet and numerous protein granules frequently occupied the apical cytoplasm. Microvilli projected into the acinar lumen from the free surface of the cells. A layer of myoepithelial cells was located between the secretory cells and the basal lamina.
A mild inflammatory response characterized by the appearance of relatively small numbers of intraluminal neutrophils and eosinophils was seen in the ureaplasma-infected gland of the animal killed 12 hours pi (Fig.  2) . The reaction exhibited a distinctly lobular pattern with many lobules escaping the inflammatory process, but no difference was appreciated in the severity of inflammation between sections adjacent and peripheral to the gland cistern. Eosinophils were also widely distributed throughout the interlobular connective tissue but relatively few neutrophils were recognized in this location. At 24 hours pi the majority of alveolar lumina were completely filled with inflammatory cells but the lobular pattern persisted, and a small number of alveoli appeared normal (Fig. 3) . At 48 hours pi alveoli and ducts contained dense exudate, and there was extensive degeneration and necrosis of secretory and ductal epithelium (Fig. 4) . Necrotic secretory cells were characterized by nuclear pyknosis, loss of organelles, and extensive intracytoplasmic vacuolation (Fig.  5) . Many vacuoles were the result of dilatation of the endoplasmic reticulum. Macrophages, neutrophils, and eosinophils were frequently seen within the necrotic epithelium, and epithelial desquamation resulted in exposure of the myoepithelium which remained intact. At this stage the intraluminal cell population was composed predominantly of neutrophils, eosinophils, sloughed secretory cells, and large cells characterized by a single, indented, eccentric nucleus, and clear cytoplasm that contained multiple intensely eosinophilic granules (Fig. 4) . Ultrastructural examination identified these cells as macrophages. The eosinophilic inclusions seen with the light microscope corresponded to membrane-bound accumulations of phagocytosed cellular debris and exudate. The cytoplasm of these cells also contained sparse mitochondria, a few strands of rough endoplasmic reticulum, and numerous electronlucent vesicles. It was impossible to determine whether these latter structures represented phagocytosed ureaplasma. Eosinophil granules were occasionally seen in an extracellular location, but it was not clear whether these represented active discharge or degeneration of parent eosinophils. Membrane-limited cytoplasmic profiles resembling ureaplasma were also recognized, but it was impossible to differentiate these structures from cytoplasmic projections of host cells. Canaliculi and larger ducts were distended with exudate and inflammatory cells similar to those of the alveoli.
From 72 hours pi there was a reduction in the number of neutrophils and eosinophils and a corresponding increase in alveolar and interalveolar macrophages and lymphocytes (Fig. 6) . Occasional plasmacytes were also seen. Interstitial lymphoid infiltration was prominent at 120 and 144 hours pi (Fig. 7) . Most of the remaining intraluminal inflammatory cells were necrotic. At 49 and 56 days pi there were extensive acinar involution and fibrosis, but isolated islands of normal alveoli persisted. Diffuse and focal aggregations of lymphocytes were widely distributed throughout the mammary Fig. 1 . Control mammary gland. Normal acinar structure. HE. Bar = 100 pm. Fig. 2 . 12 hours post-inoculation; sparse intraluminal cellular infiltrate. HE. Bar = 100 pm. Fig. 3 . 24 hours post-inoculation; many acini filled with inflammatory cells. HE. Bar = 50 pm. Fig. 4 . 48 hours post-inoculation; vacuolation of epithelial cells. Numerous large macrophages containing intracytoplasmic eosinophilic inclusions (arrow) in intraluminal exudate. HE. Bar = 25 pm. parenchyma (Fig. 8) . Smaller foci of plasmacytes were also recognized, and despite failure to isolate ureaplasma from these glands, neutrophils and eosinophils were present in the lumina of a small number of acini.
Discussion
This experiment confirms the pathogenicity of ureaplasma for the ovine mammary gland, but since most microbiologic surveys have omitted examination for mycoplasma including ~r e a p l a s r n a , '~.~~ the etiologic importance of these organisms in spontaneous ovine mastitis cannot be estimated at present. Clinical signs produced were confined to the infected mammary gland in contrast to the systemic disease associated with Mycoplasma agalactiae mastitis.' ' Failure of suckling lambs to cross-infect control glands is in agreement with a previous experiment.* Epithelial destruction and fibrotic repair suggest that ureaplasma-induced dam- age to the ovine mammary gland is permanent. This is supported by observations that ureaplasma-infected glands of other ewes at this laboratory were larger than control glands during the following dry period but were smaller with decreased milk production at subsequent lactations (authors, unpublished observations). Ureaplasma have the capacity to produce ammonia from hydrolysis of urea. Intraluminal production of this cytotoxic gas may be an important pathogenic mechanism in the destruction of acinar and ductal epithelium. Uneven diffision of ureaplasma or elaborated ammonia and variation in patency of ducts and acini may account for the fact that some acini remained apparently unaffected. No other ureaplasma cytotoxins have yet been identified.
The initial inflammatory response of the ovine mammary gland to introduced ureaplasma in the present study was characterized by a mixed neutrophil and eosinophil response. This is in contrast to the neutrophilic response of experimental intramammary ureaplasma infections of mice with human and bovine strain^,^ goats with human strains,' and of cows with bovine strains.* The most characteristic histologic change in experimental Mycoplasrna bovis mastitis in cows was mammary eosinophilia4.'* and as in the present study, eosinophils were the predominant infiltrating cells within interlobular septa in the early stages of infection. Reasons for these differences in host response to mycoplasma challenge are not yet apparent. The role of eosinophils in inflammatory and allergic reactions remains unexplained but their ability to phagocytose mycoplasma in vitro has been demonstrated.I8 Failure to obtain evidence of phagocytosis in the present study does not exclude a phagocytic function since identification of ureaplasma in vivo is extremely difficult. It was inapparent whether the observation of extracellular eosinophil granules in the interalveolar septa represented active secretion of granules or necrosis of the parent cell. Prominent lymphocytic and macrophage infiltrations seen from 72 hours post-infection (pi) in the present study, have also been reported in experimental Mycoplasrna bovis mastitis in ~a t t l e .~~~ These findings suggest that strong cellmediated responses are directed against invading ureaplasma and it is likely that such mechanisms have important roles in limiting the duration of infection. It also seems possible that lymphokines released from activated lymphocytes may have contributed to epithelial degeneration and necrosis. Repair of damaged epithelium was by fibrosis.
The present study describes the pathologic response of the ovine mammary gland to a single mastitogenic ureaplasma strain and indicates that ureaplasma should be considered in the differential diagnosis of sponta-neous pvine mastitis. The present experimental model also has potential for determining and comparing the pathogenicity of other ovine ureaplasma strains.
